
REPORT DOCUMENTATION PAGE Form Approved 
OMB No. 0704-0188 

Th• public reporting burden for 1h15 collect1on Of information IS estimated to average 1 hour per te5ponse. including U1e time for revlew,ng instruction5, searching existing data sources, galhering and 
mamtaining the data needed, and c:omple~ng and rev1ewlng the colle<:11an of inlormaljon_ Ssnd comments_ regarding thlS burden estnnate or any other asp0ct of this colleciion ol 1nfarmat1on, including 
5ugges1ians fill reducing the burden, ta tne Department of Defense, Executive Service Directorate {0704-0188). Respondents 5hauld be aware that notwithstanding any amer prnv1s1on at law, no 
person sllall be subject ta any pe""llY for fooling lo oomply w<lh a collec~an of 1nrarmatian if 11 daeo not display a currently van<! OMB control number_ 

PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ORGANIZATION. 

1. REPORTDATE(DD-MM-YYYY) 12. REPORT TYPE 
08/28/2017 Poster 

4. TITLE AND SUBTITLE 
Additive Manufacturing of Cranial Sin1ulants for Blast Induced Traumatic Brain Injut'y 

6. AUTHOR(S) 
Maj Adan1 \Vil!is 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 

59th Clinical Research Division 
l 100 \Viii ford I !all Loop. Bldg 4430 
JBSA-Lackland. TX 78236-9908 
210-292-714-1 
9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 

59th Clinical Research Division 
1100 \VillfiJrd !!all Loop. Bldg 4430 
JBSA-Lackland. TX 78236-9908 
210-292-7141 

12. DISTRIBUTION/AVAILABILITYSTATEMENT 

Approved for public release. Distribution is unlimited. 

13. SUPPLEMENTARY NOTES 

14. ABSTRACT 

15. SUBJECT TERMS 

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 18. NUMBER 

a. REPORT b.ABSTRACT c. THIS PAGE ABSTRACT OF 
PAGES 

3. DATES COVERED (From - To) 

08/28/2017-08131120 l 7 

"· CONTRACT NUMBER 

Sb. GRANT NUMBER 

Sc. PROGRAM ELEMENT NUMBER 

5d. PROJECT NUMBER 

Se. TASK NUMBER 

5f. WORK UNIT NUMBER 

8. PERFORMING ORGANIZATION 
REPORT NUMBER 

17338 

10. SPONSOR/MONITOR'S ACRONYM(S) 

11. SPONSOR/MONITOR'S REPORT 
NUMBER(S) 

19a. NAME OF RESPONSIBLE PERSON 
Clarice Longoria 

19b. TELEPHONE NUMBER (Include area code) 

210-292-7141 
Standard Form 298 (Rev. 8/98) 

Prase11bed by ANSI Std. z:ig 18 
A~obo Prot•O'ioool 7 Q 



Introduction 

The w idespread use of Improvised e.tplosive devices 

(IEOs) in warfare has resulted in devastating injuries to 

United States military personnel, with blast induced 

traumat ic brain Injury (TBI) a possible outcome. Blast 

TBI results in significant damage to intracramal 

vasculature and tissue interfaces, presumably because 

of relatlvely sharp change~ In mechanical propert ies at 

boundaries between different materials Nevertheless, 

understanding of this damage mechanism is largely 

lacking, limiting early detection and prevention 

efforts. 

Purpose Statement 
The p urpose of this study Is to produce m odels of l 

the h uman head with mat erials that simulate the 

mech ;inlal properties of the skull and its contents. In 

partlcular, we seek to simulate interfaces between 

CSF-b r;il n, gray-white, and vascufature·brain. . -- · 1 
- -- --- --- --- _J 

Fabrication Techniques 
The models are fabricated using a combination ofl 

I 
manufacturing techniques: 

Fused deposition modeling: ca sling molds 

Casting: white and gray matter 

Polymerization of injected solution: vasculature 

F1lam,n1 drive.r 

(exl rudrr) 

liea1ed no11le 

Model 

Fil am ml 

fused deposition modellnc A plastic filament is f~ into a 

noule The noute melts the fitame.nl and deposiu layers of J 
fused mateual 10 form the model. Us~d to '1ab11ca1e the 

casting molds ___ __ __ 

Production Process 

Two-Step Casting of Gray/ White 

Ptuhc Molds for White Maller 80V1ne Gela11n 

STEP I: 
Casting While Matter ,..._--.,,,._,,~ 

Pouring Geta1in In 1he White Maller Ancmbty 

Vasculature 

These simulated vess .. ts ilre formed using the 

polymerimlon of aqueous sodium alginate IC.H1Na01) 

injected via a sy1lnge onto aqueous calcium chlonde (CaO:l 

t 
S1FP2. 
Casting Gray Maller Arouno 1he White Matter 

Mlcrosc.ope Image of a Hollow Sodium 
Alginate Structure 
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Conclusion 

MICHIGAN STAT[ 
l- I'll I \ I R <, I r \ 

Additive manufacturrng provrdes a cost effective 

fabrration method which is we ll suited for producing 

low volume. complex parts using multiple materrali. 

This fabrrcation technique has the potentia l to greatly 

Improve the realism of experiments conducted to 

understand the biomechanics of blast m1ury. 

Furthermore, this potential was exploited to produce 

a highly dPtailed cranial simulanl including multiple 

materials that closely mimic the mechanical 

properties of cranial and cerebral tissues at blast 

wave relevant conditions. 

Future Work 
Blasl tube testing will be conducted on the test 

objects at Energelic Materials Research and Testing 

Center (EMRTC), with the 1mplcmentatron of Digital 

Image Correlation (DIC) and Pan icle Image 

Veloc1metry (PIV) to characterrze the evolution of 

damage caused by an explosively driven shockwave. 

future oteratrons of the test object will refine the 

cranial somulant 10 more closely match the 

mechanical properties of human tissue and bone, as 

well as improving the 30 geometry of the molds 

These improvements wrll enable the productron of a 

hrgher fidelity 1es1 object. 

Mold and Oalllsllc Gelatin Sample of Rcanstic Brain Geomelrv I 
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